151 library and before the subsequent high-throughput replica-pinning step) as in these cases, an 152 escaper frequency of 100% is not an indication of an extremely high mutation rate. By spotting 153 serial dilutions of strains from the MEP-YKO library on estradiol-containing plates (S1 Fig), 154 we found that 25/115 hits had escaped before the actual screen started (S1 File). We then set 155 out to validate the remaining 90 putative mutator strains.
156
Spontaneous mutations can occur at any moment of the replicative lifespan and our 157 experimental design does not allow us to discriminate if a high escaper frequency is an 158 indication of an increased mutation rate already in young cells, or of an elevated age-dependent 159 accumulation of mutations. To distinguish between these two possibilities, we performed 160 fluctuation tests to measure the forward mutation rate at the endogenous CAN1 locus, where 161 any type of mutation that inactivates the CAN1 gene confers canavanine resistance [24, 25] .
162 Since fluctuation tests are performed with logarithmically growing cultures, they measure the 163 spontaneous mutation rate in an age-independent fashion (i.e. in young cells). Twelve of our 164 hits had been previously validated [15] , and therefore were not re-tested. Several genes 165 identified in the aforementioned study (namely CSM2, SHU1, TSA1 and SKN7) fell just below 166 our 75% escaper frequency cutoff (S1 File). Importantly, we validated 13 new mutator mutants.
167 Our screening strategy thus enabled us to identify new genes important for the suppression of 168 spontaneous mutations independently of replicative age. The 26 genes whose deletion results 169 in an increased CAN1 mutation rate of at least 1.8-fold compared to wild type are listed in 170 Table 1 . We named this group of genes "general mutation suppression genes" because the 171 corresponding knockout strains, besides showing an elevated escaper frequency in our 172 screening setup, also display an increased mutation rate when tested in young cells with a 173 second assay for spontaneous mutagenesis at a different genetic locus. Of the general mutation 174 suppression genes identified, 16/26 have one or more human orthologs. As expected, these 175 genes are significantly enriched for Gene Ontology categories related to DNA damage 176 response, DNA repair and recombination (Fig 2 and S2 File) . 215 At the end of our validation pipeline, we were left with four gene knockout strains that display 216 no significant increase in forward mutation rate at the CAN1 locus and in escaper formation 217 rate in young cells (colonies counted at day 2) but show a higher age-dependent escaper 218 frequency compared to wild type (colonies counted at day 7) (S2 Table) . We were particularly 219 interested in these genes, since our observations might indicate an age-dependent mutator 220 phenotype. To validate these putative age-specific mutator mutants with an independent and 221 more accurate method, we mechanically isolated young and aged mother cells by biotinylation 222 and magnetic sorting and measured mutation frequencies at the CAN1 locus in both cell 
229
To establish a reference, we tested wild type cells. Strikingly, the observed mutation 230 frequency in aged cells (replicative age ~17) was lower than expected ( Fig 4B and S2 Fig), 231 suggesting a decrease in the spontaneous mutation rate during replicative aging. We then 232 measured mutation frequencies in young and old cells from the four putative age-specific 233 mutator strains. After the first test, three of these strains did not show any increase in age-234 dependent mutation frequency compared to the wild type and were therefore discarded as false 235 positives ( S3 Fig and S2 Fig) . Conversely, age-dependent mutation frequency in the absence 236 of PEX19 was higher than in the wild type. We therefore repeated the test and confirmed that 237 pex19∆ aged cells (replicative age ~15.5) display much higher mutation frequencies than 238 expected (Fig 4 and S2 Fig 263 colonies per strain; c) the one-week incubation time, which allowed accumulation of 264 spontaneous mutations throughout replicative lifespan. In this way, we were able to monitor 265 enough cell divisions to detect low-frequency mutation events. Furthermore, the analysis of 18
266 independent colonies allowed the use of escaper frequency as a proxy for the spontaneous 267 mutation rate. Bioinformatic analysis and experimental confirmation indicated the high quality 268 of the screen, thus validating our methodology. It is worth noting that, even independently of the MEP and the replicative aging 270 perspective, a similar high-throughput replica-pinning approach can be used to screen for genes 271 involved in other genome stability-related processes. For instance, we recently applied this 272 strategy to study spontaneous homologous recombination events (manuscript in preparation).
273 Similarly, our replica-pinning strategy could be adapted to screen for genes controlling genome 
279 New general mutation suppression genes identified
280 Our screening setup was designed to allow simultaneous identification of age-independent and 281 age-specific mutator mutants. We identified 13 new genes that suppress the accumulation of 282 spontaneous mutations at the CAN1 locus independently of age (Table 1) 
331
332 MEP-specific age-independent mutation suppression genes are enriched for genes related 333 to mRNA export 334 We also identified 18 mutants that, despite an undetectable increase in the spontaneous 335 mutation rate at the CAN1 locus, display an age-independent elevated escaper formation rate 336 (Table 2 ). This observation hints at a locus-specific increase in mutagenesis for this group of 337 mutator strains. The observation that MEP-specific mutation suppression genes are enriched 338 for genes involved in mRNA export from the nucleus (Fig 3 and S2 File) Table) . 360 The same effect would be observed if an error-free repair pathway is upregulated during aging.
361 A similar decrease in the spontaneous mutation rate at the CAN1 endogenous locus has been 362 previously reported, although the same study suggested that this effect could be locus-specific
364 365 A role for peroxisomes in suppressing age-dependent accumulation of spontaneous 366 mutations 367 To better understand age-dependent mutagenesis, our screen aimed at identifying genes-if 368 they exist-that prevent accumulation of spontaneous mutations specifically in old cells. We 369 showed that PEX19 is one of these genes, since its deletion has no effect on mutagenesis in 370 young cells, but causes an elevated accumulation of mutations in aged cells (Fig 4) . To our 371 knowledge, this is the first described case of an age-dependent mutation suppression gene, 
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[ 419 twice in parallel to generate two independent sets of MEP yeast deletion arrays in 384-colony 420 format. When a specific MEP mutant was missing in one of the arrays, it was manually pinned 421 over from the other set. Positions that were empty in both sets were filled with his3Δ::kanMX 422 control strains, unless they were kept empty for plate identification purposes. Colonies from 423 the two sets of MEP yeast deletion arrays were pinned onto YPD + G418 plates and incubated 424 for six hours at 30°C. Each plate of each set was then pinned onto nine YPD plates containing 425 1 μM estradiol (18 replicates in total). At this step, colonies were pinned in 384 format using 426 1536 format pads, so that a smaller number of cells was deposited to prevent nutrient limitation.
427 Plates were incubated for seven days at 30°C and then scanned with a flatbed scanner.
428 Subsequently, each plate was pinned onto one YPD plate containing 1 μM estradiol and 429 incubated for two days at 30°C before scanning ("escaper test"). Colony area measurement 448 rate, the test was repeated another two or three times. In case no increase in escaper formation 449 rate was detected but elevated age-dependent escaper formation frequencies were observed, 450 the experiment was repeated another one or two times.
451
Strains that consistently displayed an elevated age-dependent escaper formation 452 frequency were further validated by construction of a new knockout strain in a MEP CAN1 453 background and by direct measurement of spontaneous mutation frequencies at the CAN1 locus 454 in young and aged cells. Each knockout strain was tested once. If the age-dependent mutation 455 frequencies were not higher that the wild-type control, the strain was discarded as a false 456 positive; if the age-dependent mutation frequencies were increased compared to the wild-type 457 control, the experiment was repeated three times.
458
The identity of all validated strains from the YKO and MEP-YKO collections was 459 confirmed by barcode sequencing as previously described [100].
460
461 Measurements of the spontaneous forward mutation rate at the CAN1 locus 462 Single colonies were inoculated in 5 ml YPD and grown up to saturation (two days at 30°C).
463 100 μl were plated onto canavanine-containing SD medium (50 μg/ml) to identify forward 
517
For both young and aged samples, colonies were counted after 2 d of growth at 30°C
518 and the spontaneous forward mutation frequencies at the CAN1 locus were determined. 536 Fluorescent images were subjected to 3D deconvolution using SoftWoRx 5.5 software 537 (Applied Precision). Processing of all images was performed using Fiji (ImageJ, National 
